Abstract. We present a study of low-and high-resolution ultraviolet, high-resolution optical CAT/CES spectra and ultraviolet, optical and infrared photometry of the peculiar supergiant HD 101584. From the photometry we learn that the ultraviolet and optical energy distribution cannot be fitted in a consistent way and we need a model in which the UV and optical energy distribution are formed by different gas. The Geneva photometry is best fitted to a B9II Kurucz model, T ef f = 12000 ± 1000 K and log g = 3.0 ± 1.0, with an extinction of E(B − V ) = 0.49 ± 0.05.
received May 24 1995 , July 15 1995 Abstract. We present a study of low-and high-resolution ultraviolet, high-resolution optical CAT/CES spectra and ultraviolet, optical and infrared photometry of the peculiar supergiant HD 101584. From the photometry we learn that the ultraviolet and optical energy distribution cannot be fitted in a consistent way and we need a model in which the UV and optical energy distribution are formed by different gas. The Geneva photometry is best fitted to a B9II Kurucz model, T ef f = 12000 ± 1000 K and log g = 3.0 ± 1.0, with an extinction of E(B − V ) = 0.49 ± 0.05.
The observed spectral features in the spectrum of HD 101584 are classified in eight different categories based on the velocity, shape of profile and the identification. The high-excitation HeI (χ = 20.87 eV), NII (χ = 18.40 eV), CII (χ = 14.39 eV) and NI (χ = 10.29 eV) optical absorption lines are formed in the photosphere of a late B-star (e.g. B8-9I-II). These absorption lines show radial velocity variations which are attributed to binary motion, with the secondary being a white dwarf or a low-mass main sequence object. The low-excitation P-Cygni lines in the optical and UV are formed in the wind. The number density of absorption lines in the UV is so large that the wind spectrum acts as an iron curtain in front of the B-star. The terminal velocity of the wind of v ∞ = 100 ± 30 km s −1 is consistent with the star being a low-mass post-AGB star and the low effective gravity is attributed to the presence of a nearby, unseen, secondary. We estimate a mass-loss
Introduction
We have conducted a multiwavelength study of the enigmatic object HD 101584. Classified as a F0Iape (Hoffleit et al. 1983) it is not a normal F0-type supergiant. The spectrum has many peculiarities, ranging from very narrow optical emission lines of neutral and singly ionized metals (Trams et al. 1990 ), P-Cygni profiles, the HeI 5876Å absorption line (Morrison and Zimba 1989) to a very large IR excess due to dust (Humphreys and Ney 1974; Parthasarathy and Pottasch 1986; Oudmaijer et al. 1992) . At millimeter wavelengths we find molecular line emission of CO (Trams et al. 1990; Loup et al. 1990 ; Van der Veen et al. 1993) and OH (Te Lintel Hekkert et al. 1992) . The very complex structure of the CO emission shows large Doppler velocities of 130 km s −1 with respect to the central velocity of the feature, indicating outflow velocities of more than 100 km s −1 . The OH maser line (1667 MHz) emission shows much lower velocities of 30 km s −1 with respect to the same central velocity of 50±2 km s −1 . In the last two decades two models have been developed for HD 101584 and in both models binarity is suggested to explain the observations. The first serious model was introduced by Humphreys and Ney (1974) . They argue that the infrared radiation is due to the secondary in a binary system. This secondary fills its Roche lobe and material is transferred through the inner Lagrangian point and accreted by the primary. We will show in this paper that this model cannot be supported because we find overwhelming evidence for outflow, rather than for in fall.
A second model was suggested by Parthasarathy and Pottasch (1986) and supported by Trams et al. (1991) . In this model HD 101584 is in the evolutionary stage of the Post-Asymptotic Giant Branch (post-AGB). During the preceding phase of its evolution on the AGB the star had a strong stellar wind. After the star has left the AGB the expelled material (the AGB remnant) slowly moves away from the star. The dust is in radiative equilibrium with the radiation field of the star, and re-radiates the absorbed energy in the infrared part of the spectrum. The post-AGB nature of HD 101584 is supported by the space velocity of the star derived from the central velocity of the CO and OH millimeter line emission. This velocity of v rad = 50.3 ± 2.0 km s −1 does not agree with the galactic rotation curve if the star is at the distance derived by assuming that it is a massive Population I star.
In an attempt to solve the many controversies about this enigmatic star, we have made a multiwavelength study of the ultraviolet, optical and infrared part of the spectrum. Based on these observations we propose a new model for HD 101584.
Sect. 2 gives information about the spectral and photometric data collected and used in this study. In Sect. 3 we look at the total energy distribution and try to fit it with a F0I Kurucz model. In Sect. 4 we distinguish eight different categories of spectral lines and derive for each category a characteristic velocity. In Sect. 5 we converge to consistency between the results of Sect. 3 and Sect. 4 and discuss the nature of HD 101584. Sect. 6 gives the conclusions.
The observations
We have collected ultraviolet (IUE), optical (ESO) and infrared (IRAS) spectra completed with optical (Geneva, Strömgren and Johnson) and infrared (near-infrared and IRAS) photometry.
Ultraviolet spectra
The low-resolution (LORES) ultraviolet spectra of HD 101584 have a wavelength coverage from 1190Å to 3200Å with a resolution of ∆λ = 6.1Å for the shortwavelength spectra, and ∆λ = 9.1Å for the longwavelength spectra. The LORES spectra of HD 101584 were obtained from the IUE archive (SWP31025, LWP10808 and LWP10809 Table 1 ). A description of the IUE satellite can be found in Boggess et al. (1978a and 1978b) The absolute flux calibration of LORES spectra makes it possible to combine it with optical and infrared photometry to make an energy distribution from 1190Å to 100 µm and to compare the shape of the spectral energy distribution (SED) to Kurucz model atmospheres. We used two high-resolution (HIRES) IUE spectra in the long-wavelength range with ∆λ=0.3Å. One HIRES spectrum LWP 17369 was observed by one of us (NRT), whereas the other, LWR04822, was retrieved from the archive at the IUE ground station VILSPA (Spain) (Table 1).
For the identification of the high-resolution UV spectra we made use of a high-resolution spectrum of α Lep. This F0I type star has the same spectral classification as HD 101584. Comparing the two spectra will enable us to make a quantitative comparison (Sect. 4.4).
Optical spectra
The optical spectra were obtained with the 1.4 meter Coudé Auxiliary Telescope (CAT) at ESO using the Coudé Echelle Spectrograph (CES) by CW and HvW. Each spectrum has a coverage of about 50Å with a resolution of ∆λ = 0.1Å. These spectra have no absolute flux calibration, so they were normalized to the continuum. Table 2 gives a list of the optical spectra used in this study in order of increasing wavelength.
Infrared spectra
The low-resolution spectrum (LRS) observed with IRAS was obtained from the archive at Space Research Groningen. The flux scale is absolutely calibrated and the wavelength coverage is from 7 to 24 µm.
Photometry
From a large set of photometric data available for HD 101584 we have selected the data-points for which the ob- servation date is closest to the observation date of the LORES UV spectra (Table 3 ). In this way we minimize the effect of photometric variability of HD 101584 on the composed energy distribution. The UV flux is calculated from the IUE spectra by binning the spectrum in 10 wavelength intervals. The bin with the lowest central wavelength has been rejected as this bin only contains noise. The Geneva photometry is collected by one of us, CW, whereas the Strömgren photometry is taken from the Long Term Photometric of Variables (LTPV) project (Manfroid et al. 1991; Sterken et al. 1993) . The Johnson UVBRI and nearinfrared JHKLM photometry are from Trams et al. (1991) , and the IRAS fluxes from the IRAS point source catalogue (JISWG 1986) . The observed magnitudes are converted to a flux scale using the calibration of Rufener and Nicolet (1988) for the Geneva filters, Manfroid et al. (1991) for the LTPV Strömgren filters, Landolt-Börnstein (page 73, 1982) for visual Johnson-photometry and Korneef (1983) for near-infrared photometry. The IRAS fluxes are color corrected as described in the IRAS Explanatory Supplement (JISWG 1986) .
Spectral type from photometry

The total energy distribution
The energy distribution of HD 101584 is fitted to a Kurucz model atmosphere (Kurucz 1979 ) with parameters T ef f = 7500 K and log g = 1.0 which are appropriate for the spectral type of F0I (Hoffleit et al. 1983 ) and the corresponding reddening of E(B − V ) = 0.23. Fig. 1 shows that we are not able to fit the ultraviolet and optical energy distribution in a consistent way. After normalization at the I-band there is an excess of flux shortward of 1500Å (log λ ≤ −0.8 in µm) and an excess at the Balmer jump at 3653Å (log λ = −0.4). The excess shortward of 1500Å indicates that the star is hotter than F0I. Fig. 1 . The complete dereddened energy distribution of HD 101584 with E(B − V ) = 0.230, ranging from the ultraviolet (1190Å) to the far-infrared (100 µm). The solid line is a T eff = 7500 K, log g = 1.0 Kurucz model. Note the excess of energy at the Balmer jump and at the infrared. The Strömgren photometry is plotted with an asterisk. Their higher flux is due to photometric variability of the star
The huge IR excess indicates the presence of dust. We have tried to fit an optically thin spherically symmetric dust model to the complete energy distribution (Waters et al. 1988 ) (see Fig. 1 ). From this fit we find that the dust is at a distance between 20 and 10 5 R * with dust temperatures between T dust = 50 and 1240 K. If HD 101584 is a 0.54 M ⊙ post-AGB star (R * = 38 R ⊙ and log L = 3.6, Boothroyd and Sackmann, 1988 ) than this yields a total dust mass of M dust = 2 × 10 −2 M ⊙ . Taking a gas-todust ratio of a hundred gives a total circumstellar mass of M CS = 2 M ⊙ . The total amount of observed energy radiated in the infrared of E = 9.4×10 −8 erg cm −2 s −1 can be provided by a reddening of E(B − V ) = 0.39 ± 0.02 from a spherically symmetric dust shell. This means that the central star has a (B − V ) o ≤ 0.02 and a spectral type earlier than A0.
We conclude that the optical and UV energy distribution of HD 101584 indicates that the star (or one of the components if it is a binary) is hotter than T ef f ≃ 7500 K, which is the temperature suggested by its spectral type of F0I. We will show below that the Geneva photometry and the presence of high-excitation lines in the optical spectrum support this.
The spectral type from the Geneva photometry
The optical photometry can be used to derive the spectral type of the star. Using the Geneva photometry (Table 3) and the calibration of the Geneva extinction-free parameters X, Y and Z by Cramer and Maeder (1979) we are able to determine the T ef f and log g of the star. The values for HD 101584 are X = 1.150, Y = 0.140 and Z = 0.0219. The value of the Z parameter can be used as a test to determine peculiarities, because the Z parameter is close to zero for normal star while it deviates from zero for peculiar stars e.g. HgMn, Bp and Ap stars. The low value of Z for HD 101584 suggests that the star is not peculiar in the XY Z space. This encourages us to use predicted colors for normal atmospheres to derive the stellar parameters from the Geneva photometry. Fig. 2 . The Geneva extinction free XY -plane with the position of HD 101584. The grid has been computed with solar metalicity Kurucz models. The best fit is reached for T ef f = 12000 ± 1000 K, log g = 3.0 ± 1.0 and E(B − V ) = 0.49 ± 0.05. Note that the error is largest in the direction of lower log g and lower T ef f
We have computed the location of atmospheric models with solar metalicity (Kurucz 1979) in the the XYdiagram. (Fig. 2) . The location of HD 101584 is closest to the Kurucz model with T ef f = 12000 K, log g = 3.0 and E(B − V ) = 0.49.
We will make a rough estimate of the possible error on the derived X and Y of the star caused by the presence of wind lines in the Geneva bands. Only the U and V 1 band have enough wind lines that the photometry might be effected (the V band is not used for calculating the X, Y and Z parameters). A strong blocking by wind lines would increase the magnitudes of the star compared to normal stars of the same type. A decrease in flux of 5% in only the U band gives a lower temperature of T ef f = 11500 K and a surface gravity of log g = 2.5, whereas a decrease in flux of 5% in only the V 1 magnitude yields T ef f = 11000 K and log g ≤ 2.0. A decrease of 5% in both bands gives T ef f = 10000 K and log g ≤ 2.0. This shows that the presence of wind lines in the optical spectrum changes the best fit in the XY -diagram only slightly. We adopt T ef f = 12000±1000 K, log g = 3.0±1.0, and E(B − V ) = 0.49 ± 0.05 as the best fit to the Geneva X and Y parameters. This corresponds to a B9II star.
We will show below that this temperature is in good agreement with the spectral type found from photospheric optical absorption lines. The effective gravity which is most affected by blanketing by wind lines is rather uncertain.
Line-identification, line profiles and velocities
In this section we will look at the ultraviolet, optical and infrared spectra to learn about different categories of lines which are seen in these spectra. The high-resolution IUE spectrum has been studied by Bakker (1994) and a selected list of line identifications which will be used in this work is given in Table 14 of App. A. We have made a line identification of the optical spectra in selected wavelength regions ( Table 2 ). The identification of the optical spectra as given the Table 15 (App. B) shows absorption lines from high-excitation (χ ≥ 10.0 eV), low-excitation (χ ≤ 10.0 eV) levels, emission lines from neutral-and singly ionized metals and complex hydrogen line profiles.
The observed spectral features are classified in eight different categories on the basis of the excitation conditions of the atom, shape and velocity of the line profile. To allow comparison between different categories, and observation from different dates, all velocities quoted are heliocentric and to be able to determine velocities relative to the system (star), we have adopted the central velocity of the CO and OH emission, i.e. +50±2 km s −1 , as the system velocity (see also Sect. 4.8) .
We distinguish the following types of spectral lines (Table 4), where we have ordered the categories of lines according to their excitation conditions. Starting with highexcitation lines going down to lower-excitation levels and finishing with molecular lines. In the next section we will argue that this sequence of lines is also a sequence in geometric distance between the line forming region and the central object. Fig. 3 and 4 shows examples of the different categories of lines.
Type I: Optical pure absorption lines from highexcitation levels
We have detected absorption lines of CII (14.39 eV), HeI (20.87 eV), NII (18.40 eV) and NI (10.29 eV), in the optical spectrum of HD 101584. This is not consistent with the spectral type of F0Iape as given by Hoffleit et al. (1983) . The presence of the CII lines suggests that the optical spectrum (or at least part of it) is produced by a B-type star. For supergiants the CII lines are only formed between types B0.5I and B9I, and reach a maximum strength in B3Ia-type stars (Lennon et al. 1992 and 1993) . The observed equivalent widths measured for CII(6578) and CII(6583) of 85 and 45 mÅ respectively are of the same order as the equivalent width of a B8.5I and B0.5I star. However as we have also detected NI at the same velocity as HeI and CII we can eliminate the possibility of an early-B type star.
We can obtain additional information by studying the radial velocity of the high-excitation lines. Table 5 gives the observation dates, the average radial velocity on that date and the number of spectral lines (type I) observed on that date. The average radial velocity of all observation dates is 56.9±5.9 km s −1 . We notice that the difference in velocity between successive observations is much larger than the error (≈ 7σ) in the individual measurements. As it is unlikely that these high-excitation lines are formed in the stellar wind it is suggestive to attribute the radial velocity variations to the orbital motions of the late-B star around an object whose nature still has to be determined. The amplitude of the radial velocity variations around the system velocity of 50 km s −1 is at least 10 km s −1 . The data for the radial velocity measurements are too scarce to estimate the orbital period. Of all the high-excitation absorption lines observed only the three NI(mp=3) lines in April 1992 show a second absorption component at 24.7±1.7 km s −1 (Table 5 ). This suggests that the high-excitation absorption lines not only have a variable Doppler velocity, but also a variable line profile.
We conclude that the high-excitation lines in the optical spectrum of HD 101584 are produced in the photosphere of a late-B type star. Its T ef f would be between about 10 500 K (B9) and 14 000 K (B5). This is in agreement with the earlier conclusion that the energy distribution indicates T ef f ≥ 7500 K and with the spectral optical pure absorption lines from high-excitation levels II Balmer lines III optical P-Cygni lines from low-excitation levels of neutral-and singly ionized metals IV ultraviolet absorption lines from low-excitation levels of neutral-and singly ionized metals V optical pure absorption lines from low-excitation levels of neutral metals VI optical pure emission lines from low-excitation levels of neutral and singly ionized metals VII infrared emission feature (10 µm ) VIII molecular emission lines (CO and OH)
Fig. 3. Examples of line types I, III, IV, V and VI
type of B8-9 derived from the Geneva photometry. The star shows radial velocity variations of at least 10 km s −1 , which probably indicates the presence of a companion.
Type II: Hydrogen line profiles and the terminal outflow velocity
The Balmer lines have a P-Cygni type profile (see Fig. 4 and Fig. 9 , 10 and 11) with a strong emission component (Hα and Hβ ) and a blue-shifted absorption component (indicated as II.c in Fig. 4 ). These lines are formed in the stellar wind.
The profile of Hα is complex: a P-Cygni profile superimposed on a very broad emission profile. The emission extends from about -1000 to + 1000 km s −1 (see also Fig. 10 where the width of the Hα emission is of the same order as the total wavelength coverage of the spectrum). It is most likely due to electron scattering by free electrons in the stellar wind. The absorption wing of Hα extends to heliocentric velocity of about -30 km s −1 , which corresponds to -80 km s −1 in the frame of the system. The emission component of Hβ extends to about +180 km s −1 , i.e. +130 km s −1 in the frame of the system. This suggests that the P-Cygni profiles are formed in a wind which have a maximum outflow velocity of about 100±30 km s −1 . We will show below that this is similar to the terminal velocity of about 100 km s −1 derived from the P-Cygni profiles of lines from ionized metal in the UV and in the visual, and is similar to the CO outflow velocity.
The profiles of Hβ and Hγ show evidence for two additional absorption components (indicated as II.a and II.b in Fig. 4 and Table 6 ) at heliocentric velocities of -58±2 and -10±5 km s −1 , i.e. at -108 and -60 km s −1 in the frame of the system. These components resemble the discrete absorption components that are commonly observed in the profiles of lines formed in stellar winds (Henrichs 1988) and they are interpreted as the result of variable mass loss or density concentrations in the wind.
Type III: Optical P-Cygni lines from low-excitation levels of neutral and singly ionized metals
In this study we define a line as a P-Cygni type line if the spectral feature shows an absorption (III.b) and an emission (III.c) component with the emission on the long wavelength side of the absorption. The spectrum of HD 101584 shows P-Cygni profiles of lines from low-excitation levels of neutral and singly ionized metals, e.g. FeI, TiI, MnI, NiI and TiII. Most of the P-Cygni lines show a narrow emission peak (Type VI) superposed on the wider emission of the PCygni profile. In some cases is was not possible to distinguish between the pure emission and the emission of the P-Cygni profile. In those cases the two emissions blend together. The weakest P-Cygni type lines clearly show the presence of a second, blue-shifted absorption component (III.a) while for the stronger lines the two absorption components blend together to one broad profile (Fig. 3) .
The velocities of the components, derived from multiple Gaussian fits to the profiles, are listed in Table 7 . The mean heliocentric velocities of the components III.b and III.c are are about +30 and +70 km s −1 respectively. After correction for the system velocity of +50 km s −1 , the velocities in the frame of the system are -20 to +20 km s −1 . Since the velocities of the emission peak and of the deepest point of the absorption of a P-Cygni profile are not correlated (see e.g. Castor and Lamers 1979 ) the agreement between these two values can not be taken as an indication of the terminal velocity of the wind. The terminal velocity of the wind can be considerably higher than the velocities measured from the peak of the emission and the deepest point of the absorption. The terminal velocity of the wind can be derived from the extent of the blue absorption edge. This is about -50 km s −1 heliocentric velocity, which indicates a terminal velocity of the wind of about 100 km s −1 , i.e. about the same as measured from the Balmer profiles.
The profiles show the presence of an extra absorption component at -53 km s −1 in the frame of the system (component III.a in Fig. 3 ). This component is probably formed in the wind as the P-Cygni profiles of the Balmer lines also showed discrete absorption components.
For those lines of type III that do not show emission, the depth of the III.b absorption component is larger than the depth of the III.a absorption component. However when there is emission in the feature, the III.a component is stronger than the III.b component. This suggest that the emission fills in the III.b component and reverses the ratio of the strength of the two absorption components. In section 4.4 we will see that the UV lines show the same characteristics.
We conclude that the optical lines of neutral and singly ionized metals (type III) show profiles which consist of a P-Cygni profile, formed in a wind with a terminal velocity of about 100 km s −1 . 
Type IV: Ultraviolet absorption lines from lowexcitation levels of neutral and singly ionized metals
In an extensive study of the high-resolution IUE spectrum of HD 101584 between 2500 and 3000Å, 229 absorption features have been identified whereas 41 features remained unidentified (Bakker 1994) . The main conclusions are: (i) the spectrum of HD 101584 has the same absorption features as the F0I star α Lep, but the lines are intrinsically much broader,
(ii) the absorption lines are not symmetric, but have an excess of red absorption (this in contradiction to lines which are formed in a wind which have a profiles with additional blue absorption) and (iii) the spread of 15 km s −1 of the Doppler velocities of the cores of the absorption profiles is a factor five larger than measured for the comparison star α Lep (Table 8) .
From the list of UV identifications by Bakker (1994) a selection has been made of the FeII lines which are not sig- nificantly blended by other lines, and have a secure identification (quality factor Q = 3). To prevent the confusion with interstellar absorption lines all lines from the ground level, χ = 0.0 eV, were excluded for this study. The 19 selected FeII line are listed in Table 14 .
In this paper we show that the radial velocity of an absorption line of each ion is correlated with the line strength parameter X defined as:
This parameter is proportional to the expected column density of the ions (in LTE). Here we will use it as a measure of the optical depth (τ ) of a line. From a comparison between the HIRES spectrum of HD 101584 and α Lep no differences in the occurrence of spectral features was found and we adopt the photospheric temperature of a F0Ib star (α Lep) and for the temperature of the expanding photospheric material, T wind = 7700 K. Fig. 5 shows the correlation between the log X and the radial velocity for the FeII lines at two different epochs. The mean linear relations between the radial velocity and X are v ⊙ (FeII) = −5.48 × log X(T wind = 7700 K) + 8.15
( 2) on February 15 1990, and v ⊙ (FeII) = −12.45 × log X(T wind = 7700 K) − 13.47 (3) on June 21 1989. The radial velocity found for α Lep of 22±3 km s −1 is in agreement with the radial velocity given by Anderson et al. (1987) of 24.3 km s −1 . There is clearly a correlation between the log X and the radial velocity. Other ionization degrees and other species (CrII, MnI etc.) show the same correlation but with slightly different slopes and offsets. We have made the same test on type III lines, i.e. the low-excitation metal lines in the optical, and also found a correlation between log X and the radial velocity.
We can explain the correlation with a simple model in which the low-excitation UV and optical lines are formed in the wind (Bakker 1993) . The stronger the line strength parameter log X the further out in the wind the line is formed. The wind accelerates outwards and we expect to see all wind lines to be blue-shifted with respect to the stellar velocity, but the stronger the line, the larger the blue-shift will be.
In this paper we propose a different explanation for the correlation between the line strength and the radial velocity using the results obtained from the optical P-Cygni lines (see Fig. 3 type III), but with the same conclusion that the UV lines are formed in the wind. These optical lines have the same excitation conditions and are from the same species as the UV absorption lines. The optical P-Cygni lines have multiple components. We suggest that the P-Cygni lines in the UV also have multiple components, but that these are not resolved due to a lower resolution of the IUE observations. We only see one broad absorption with the emission component being lost in the continuum. The separation between the two absorption components in the optical lines is 33 km s −1 and the resolution of the IUE spectra is 30 km s −1 . So the separation is expected to be barely detectable in the UV lines. A careful examination of the HIRES UV spectra shows that most of the absorption lines indeed show a hint of a second component. This explains the anomalies found in the UV spectrum:
(i) Large spread in observed radial velocities. The correlation between log X and radial velocities introduces a large spread in the average velocity of the UV lines. The average radial velocity of 20 ± 11 km s −1 is in good agreement with the velocity predicted for a blend between III.a and III.b lines.
(ii) Large equivalent width. As the absorption lines are the result of two separate absorption components we observe a large equivalent width. Also because of the velocity stratification the absorption is more efficient and optical thickness is reached at a higher column density.
(iii) Line asymmetry: too much red absorption. We have seen in the optical spectrum that for the weaker lines the III.b absorption component is stronger than the III.a component. When the emission is important it fills in the III.b component and the III.a component dominates the feature. In fitting a Gaussian to the feature we observe the red component as additional absorption.
From Fig. 5 we learn that the slope and offset of the fit for HD 101584 changes in time (Eq. 2 and 3). This means that the two absorption components move relative to each other or that the emission varies in strength.
The absorption components of the UV P-Cygni profiles extent to a heliocentric velocity of about -50 km s −1 or -100 km s −1 in the velocity frame of the star (Fig. 3 ). This indicates a terminal velocity of the wind of the star of about 100 km s −1 , i.e. the same value as derived from the P-Cygni profiles in the optical. The optical spectra show pure absorption lines from FeI which deviate in shape from all the other absorption features ( Fig. 3 type V) . The features are much narrower in shape and do not show emission components. The small width of the features and their low-excitation suggest that these lines are formed in a colder region than the other absorption lines. The radial velocities of these lines are listed in Table 9 . The mean radial velocity is 50.4±1.3 km s −1 (heliocentric) which is exactly equal to the system velocity derived from the CO and OH lines. The radial velocity of the lines does not vary in time. On the basis of their radial velocity, their narrow width and the range of excitation levels (0.0 ≤ χ ≤ 0.22 eV) we argue that these lines are of circumsystem origin and that the gas temperature is lower than the wind and photospheric temperatures, maybe as low as T gas ≈ 10 3 K. The only stable geometry which can sustain this material is a (Keplerian) disk with an inclination angle small enough for the line-of-sight to the star to pass through disk material. With a temperature of about T gas ≈ 10 3 K, the line forming region coincides with the inner region of the dust, i.e. at about 20R * where T dust = 1240 K.
The NaI D1 and D2 profiles show a narrow absorption component at a heliocentric velocity of -32 + 2.1 km s −1 , and a velocity in the frame of the system of -82 km s −1 . This velocity is rather high for interstellar lines and the same as the edge velocity of the Hα line. Therefore the NaID lines are most likely formed far out in the stellar wind of HD 101584. This implies that we have not detected a single interstellar line in the optical spectrum of HD 101584 !
Type VI: Optical pure emission lines from lowexcitation levels of neutral and singly ionized metals
The pure emission lines in the optical spectrum are all from neutral and singly ionized metals like e.g. FeI, TiI, MnI, NiI and TiII, and are hardly resolved in the CAT/CES spectra. (Table 15 shows that the emission lines at 4334Å and 7451Å have tentatively been identified with LaII and YII respectively. However this identification is uncertain and the lines may be due to unknown metal lines. If this identification is confirmed the presence of these s-elements would pose strict constraints on the evolutionary status of HD 101584). The F W HM velocity of the emission lines is 25 km s −1 . The average heliocentric velocity of the pure emission lines on the four epochs is 49.8±0.6 km s −1 (Table 10). Within the error this is equal to the system velocity of 50.3±2.0 km s −1 derived from the lines of CO and OH. It was already noted by Trams et al. (1990) that the radial velocity of the pure emission lines does not vary in time. They argue that these lines are formed either in blobs which were ejected almost perpendicular to the line of sight, or more likely in a distant ring or flattened shell which is tilted towards the observer. We can now exclude the blob interpretation, because we have shown that the same velocity is seen in optical absorption lines. We conclude that the narrow optical emission lines are formed in the same circumsystem disk as the optical absorption lines of low-excitation metals. This disk must be seen almost edge-on to account for the low-excitation absorption lines.
The F W HM of 25 km s −1 of the unresolved emission lines gives a lower limit on the distance between the disk and the star from its Keplerian velocity. If we assume that the mass of the star or of the binary system is of the order of 1 or 2 M ⊙ , we find that the emission lines are formed at a distance of at least 3 AU. Assuming a stellar radius of R * = 38 R ⊙ for a 0.54 M ⊙ post-AGB stars (Sect. 5) we find that the distance r disk ≃ 20R * . This distance is the same as the distance found for the inner dust radius derived from the infrared excess (Sect. 3).
Type VII: Infrared emission feature
The IRAS low-resolution spectrum (LRS, Fig. 6 ) shows an infrared emission feature. We have fitted this feature with a Gaussian and found a central wavelength of 10.7 µm. The 10 µm feature is attributed to oxygen rich material. This, together with the non-detection of a 11.3 µm feature and the detection of OH maser emission indicates that the circumstellar environment is oxygen rich. 12 CO(v ′′ = 4 − 2) (2.35 µm) (Oudmaijer et al. 1995) and OH maser emission at 1667 MHz (Te Lintel Hekkert et al. 1992) . The CO millimeter emission originates from material which is relatively far away from the star (r ≥ 5 × 10 4 R * ) with temperatures of several tens of K. The OH 1667 MHz main line is formed closer to the star with temperatures on the order of T dust ≈ 150−280 K (page 247 in Elitzur 1992) at a distance of the order of r OH ≈ 3 × 10 3 R * . Both CO and OH are integrated over a large volume of emitting material and any asymmetry in the shape or ve-locity of the emitting volume of material is smeared out in the profile. For this reason we assume that the symmetry axis of the CO and OH line profiles is the radial velocity of the system. Both CO and OH yield the same system velocity with an average value of 50.3±2.0 km s −1 . CO shows several emission peaks symmetrically around this velocity at a relative velocity to the system of 0, 43 and 130 km s −1 . The contribution from the circumsystem disk should be at the system velocity with a width of ≈ 25 km s −1 . We identify the central component of the CO emission lines profile as due to the circumsystem disk. The features at 130 km s −1 is close to the terminal velocity derived from Hα and we identify this component as due to recent mass-loss. The component at 43 km s −1 is due to an earlier mass-loss episode of the star (AGB) when the star had a larger radius, a lower escape velocity and thus a lower terminal velocity of the wind.
The CO emission in the near-infrared originates from hot CO gas (T gas ≈ 2 × 10 3 K). This temperature is of the same order as the dust temperature in the circumsystem disk which suggests that the near-infrared CO emission originates from the circumsystem disk.
The OH maser 1667 MHz shows a double peaked emission profile with peaks at relative velocity to the system of ≈ 30 km s −1 . As this velocity does not corresponds with a CO peak it is unclear where this OH maser originates.
Summary
The wealth on information on the radial velocities and shapes of spectral lines of HD 101584 gives clues about the nature and geometry of the system. Table 11 gives a summary of the average heliocentric velocities and the velocities in the frame of the system, i.e. relative to the velocity of the CO and OH lines for each category of spectral lines.
The nature of HD 101584
In this section we will make a synthesis of the results from the study on the energy distribution and the study on the spectral lines.
Summary of the observational characteristics
The observations can be summarized as follows and can be visualized with the help of Fig. 8: 1. The CO and OH emission lines show that the system has a heliocentric velocity of + 50±2 km s −1 . 2. The system contains a late type B-star which produces the high-excitation absorption lines in the optical spectrum. The Geneva photometry shows that the star has T ef f = 12000 ± 1000 K and log g = 3.0 ± 1.0, so it is a late-B star of type about B9. With this gravity the star would be of luminosity class II (see also Fig. 7) .
3. This indicates an extinction of E(B − V ) = 0.49 ± 0.05. 4. The high-excitation photospheric absorption lines show radial velocity variations with an amplitude of at least 10 km s −1 , which suggests that the star has a companion. We will refer to the late-B star as "the primary". The present data are too scarce to determine a period. However Bakker et al. (1995) claim the presence of a 218 day photometric period, and argue that this period is likely present in the Doppler velocities of the highexcitation absorption lines. This strongly support the binary scenario. We did not find any spectroscopic signature of the secondary. This suggests that its visual luminosity would be considerably fainter than that of the primary by at least about a factor 50, which is not exceptional for the companion of a supergiant.
5. The Balmer lines and the low-excitation metal lines in the optical and in the UV show P-Cygni profile. This indicates the presence of a strong stellar wind. This wind is most probably due to the primary because we do not see any spectroscopic evidence for the secondary. The extent of the absorption wings of the P-Cygni profiles of the Balmer lines and the metal lines all indicate a terminal wind velocity, v ∞ , of about 100±30 km s −1 . 6. The UV spectrum is dominated by the enormous number of metal lines, most of which show P-Cygni profiles. This makes the UV spectrum of HD 101584 to resemble the spectrum of a F-type supergiant although the star has a late-B spectral type (we see an iron curtain in front of the B-star). In fact the UV absorption lines are the same as those observed in the F0Ib supergiant α Lep, but the lines are stronger in the spectrum of HD 101584 (Bakker 1994) . The presence of many P-Cygni profiles and blueshifted absorption profiles from low-excitation metal lines in the optical spectrum explains the original classification of the star as F0Iape. Fig. 7 displays a 12000 K (B9II) and a 8500 K (A5I) Kurucz model fitted to the dereddened (E(B − V ) = 0.49) energy distribution of HD 101584. For wavelengths smaller than the Balmer jump the SED resembles a cool A star, while for wavelengths larger than the Balmer jump the SED resembles a hot B star.
7. The Balmer lines and the wind lines in the optical and in the UV show additional absorption components superimposed on the underlying P-Cygni profiles. These are qualitatively similar to the discrete absorption components observed in the P-Cygni profiles of almost all early type stars. The absorption components in the P-Cygni profiles of HD 101584 are at velocities relative to the star of -20 and -53 km s −1 (optical and UV P-Cygni lines) and -108 and -60 km s −1 (Balmer lines). 8. The terminal velocity of the wind can be used to derive information about the gravity of the star if we neglect the presence of a companion. The observations of stellar winds of early type stars and the theory of radiation driven winds indicate that v ∞ is proportional to the photospheric escape velocity, v esc . The ratio v ∞ /v esc is 1.2±0.3 for late-B supergiants . This implies an escape velocity of 90±30 km s −1 . 9. The optical spectrum shows narrow low-excitation absorption lines of neutral Fe at the system velocity. Since these lines are much narrower than the photospheric highexcitation absorption lines and they do not show the radial velocity variations, they must be formed in a circumsystem disk that is in front of the star.
10. The optical spectrum also shows narrow emission lines from neutral and singly ionized gas at the system velocity. These lines are formed in the circumsystem gas that also formed the absorptions of the low-excitation FeI lines.
11. The molecular emission of CO in the infrared (vibrational transitions) shows the presence of circumsystem material with a temperature on the order of T gas ≈ 2 × 10 3 K around the system. The emission lines from CO at millimeter wavelengths (rotational transitions) and the OH maser line at 1667 MHz at the system velocity show that the circumsystem gas extends to large distances of about 10 3 to 10 5 R * at temperatures of 10 1 to 10 2 K. 12. The huge infrared excess can be energetically supported by the star if we assume that it has a reddening of E(B − V ) = 0.38 ± 0.2 due to a spherically symmetric dust shell. From the IR excess we find that the dust is typically at a distance of 20 to 10 5 R * . As the system is seen edge-on the observed reddening will be larger than E(B − V ) = 0.38. This extinction implies that the star has a spectral type earlier than about A2.
13. The fact that we see the low-excitation FeI lines formed in the circumsystem disk, in absorption, means that the line-of-sight to the primary passes through the circumsystem disk. So the disk must be observed almost edge-on. We can then use the width of the circumsystem emission lines of low-excitation metals to estimate the distance from the star. Assuming that the binary system has a total mass of about 1 or 2 M ⊙ (see below), the F W HM of 25 km s −1 of the emission indicates a lower limit on the distance of 20R * . This is of the same order as the dust inner radius. Fig. 8 shows a simple cartoon of the model of geometry of HD 101584 proposed. This model explains all different categories of spectral lines in a consistent way. We ordered the spectral features in decreasing excitation conditions. This is reflected in the model. The higher the excitation level of the transition, the closer it originates to the central B-star. However this model does not say anything about the evolutionary status (nature) of HD 101584. In the next sections we will use the observations and the model to derive the mass and the nature of HD 101584.
The mass, luminosity and distance
The stellar wind from HD 101584 has a low terminal velocity of only about 100±30 km s −1 . This suggests an escape velocity of 90±30 km s −1 . In Table 12 we give expected parameters for Pop I late-B supergiants and compare these with the data of HD 101584.
The relation between mass and luminosity at T ef f = 12000 K was derived from the evolutionary tracks of Schaller et al. (1992) under the assumption that the star is moving to the right in the Hertzprung Russell diagram after it left the main sequence. The radius was derived from L and T ef f . The correction factor for the effective gravity due to radiation pressure by electron scattering is Γ = 2.66×10 −5 L/M when L and M are in solar units and hydrogen is supposed to be almost fully ionized in the atmosphere. This is a reasonable approximation for late-B supergiants .
The escape velocities derived in this way are considerably larger than the observed value of about 90 km s −1 . This suggests that either the star is even more luminous or that the star is in a later evolutionary phase, and it is evolving to the blue in the HRD after having been a red supergiant.
The distance of the star, derived from L, from the bolometric correction of BC ≃ −0.70 ± 0.05, from E(B − V ) = 0.49 ± 0.05 and from V = 6.95 is also listed. The distance is between 4 and 11 kpc, which implies a height above the galactic plane between 0.4 and 1.1 kpc. Table 13 gives a similar table in the case that HD 101584 is a post-AGB star. In this case we derive the luminosity from the mass-luminosity relation of Boothroyd and Sackmann (1988) . The rest of the data are derived in the same way as for Pop I stars. Tables 12 and 13 show that an escape velocity of v esc = 90 ± 30 km s −1 is only consistent with Post-AGB stars. The predicted values of v esc of massive stars are about a factor two to three too high. This suggests that HD 101584 is a post-AGB star at a distance between 0.6 and 1.1 kpc. At that distance the star is between 60 and 100 pc above the Galactic plane. The low-mass nature of the progenitor of HD 101584 is in agreement with the galactic latitude and with the high space velocity.
In this discussion we have neglected the role of the companion in the determination of the mass-loss rate and the terminal velocity of the wind. The presence of a circumsystem disk shows that the companion plays or has played a role in the mass-loss history of the star. So the companion may influence the stellar wind, and reduce the effective gravity of the primary and therefore decrease the terminal velocity and increase the mass-loss rate. If this is the case, the low terminal velocity cannot be used as an argument against a massive primary.
Is HD 101584 a post-AGB binary?
From studies of bright post-AGB stars Waters et al. (1993) found that the occurrence of a near-infrared excess is strongly correlated with binarity. The infrared-excess of HD 101584 has a local minimum at 1.25 µm, which indicates that the circumsystem dust has two components of different temperatures. The total infrared energy distribution can be interpreted as the combination of a near- infrared excess with a dust temperature of T dust ≈ 1240 K and a far-infrared excess due to an expanding dust remnant. Dust around a central star of about 12000 K will reach a temperature of 1240 K at an inner dust radius of about 10 2 R * .
If HD 101584 is indeed a low-mass post-AGB star it differs from the other post-AGB binaries in that its dust is O-rich. This can be inferred from the fact that the star shows OH maser lines and the 10 µm infrared emission feature. Other post-AGB binaries with a dusty disk, such as HR 4049, HD 213985 and the Red Rectangle (HD 44179), are all surrounded by C-rich dust.
The mass-loss rate of HD 101584 can be estimated by comparing its stellar wind with that of the B8Ia star β Ori which has a mass-loss rate ofṀ ≃ 10 −7 M ⊙ yr −1 and v ∞ ≃ 350 km s −1 . The UV spectrum of HD 101584 is similar to that of β Ori, but it shows more blue-shifted UV absorption lines of singly ionized metals (Lamers et al. 1978 . This means that the column density of the stellar wind of HD 101584 is higher or of the same order of magnitude as that of β Ori. The column density of a stellar wind scales as N ∼Ṁ / (v ∞ R * ), soṀ ∼ N v ∞ R * . Assuming R * = 150 R ⊙ for β Ori and 20 R ⊙ for HD 101584, and v ∞ = 350 km s −1 and 100 km s −1 for the two stars respectively we find a rough estimate oḟ M (HD 101584)≥ 4 × 10 −9 M ⊙ yr −1 . The large mass-loss rate of HD 101584, as inferred from the many wind lines, is abnormal for post-AGB stars and suggests a very low effective gravity. This would be consistent with a massive post-AGB star of about 0.7 M ⊙ (see Table 13 ). However the evolutionary transition time between AGB and Planetary Nebula of a 0.7 M ⊙ post-AGB star is about 10 2 years (Blöcker 1995). This contradicts the fact that the star has not changed its spectral type and visual magnitude in the last 20 years systematically (Humpreys and Ney 1974) . Therefore HD 101584 is probably not a massive post-AGB star.
If HD 101584 is a low-mass post-AGB star of 0.5 M ⊙ ≤ M * ≤ 0.6 M ⊙ the higher mass-loss rate and the low effective gravity could be due to the presence of a nearby companion. A decrease of the effective gravity results in an increase of the mass-loss rate and a decrease of the terminal velocity v ∞ .
We conclude that HD 101584 is probably a post-AGB star (based on its high galactic latitude), of intermediatemass (based on the fact that it has not shown systematic changes in T ef f and M v ) with a nearby companion that affects the stellar wind (based on the high mass-loss rate and low v ∞ ).
Conclusions
We have studied the complete energy distribution (1190Å to 100 µm) and UV, optical and infrared spectra of the enigmatic object HD 101584 and made a consistent model of the geometry of HD 101584 (Fig. 8 ) and the nature of the observed star. The system contains a cool B-type post-AGB star which probably occurs in a close binary system with a white dwarf or a low-mass main sequence star. The primary suffers from a high mass-loss rate of the order ofṀ ≃ 10 −8 M ⊙ yr −1 . The very large number of UV metal lines formed in the wind drastically decrease the energy distribution in the UV and hides the B-star behind an iron curtain. The UV spectrum mimics the photospheric spectrum of a F0I star. An upper-limit on the semi-major axis of the system is given by the dust inner radius and is of the order of 10 2 R * . The system has a circumsystem disk at a radius of the same order as the dust inner radius. This disk is observed by the detection of narrow emission and absorption lines.
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A. UV FeII lines
The FeII UV lines used in this paper are from the UV identification table of Bakker (1994) . All information about the method used in determining the profile parameters can we found in this article.
B. Complete line identification of the available wavelength intervals from the CAT/CES spectra
This appendix contains the figures of the optical CAT/CES spectra and a complete identification of several of these spectra. The spectra are ordered of increasing wavelength. As not all spectra are from the same date this means that one should be careful in comparing the spectra. From Sect. 4.1 we know that there is some time variability of the observed radial velocities. All radial velocities quoted in this article are corrected to heliocentric velocities.
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